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(54) Battery sealing inspection method

(57)  Abattery (1) which has undergone initial charg-
ing and discharging is placed inside a sealed vessel (3),
which is evacuated by a vacuum pump (9). After this
evacuated state has been maintained for a while, the

e

density of hydrogen gas within the sealed vessel (3) is
measured by a hydrogen density sensor (11), based on
which the presence or absence of a gas escape from
the battery is determined. The battery may be heated
instead of subjecting it to charging and discharging.
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Description

[0001] The present invention relates to a method of
inspecting sealing property of battery.

[0002] Figure 2 illustrates a conventional battery seal-
ing inspection method for verifying the sealing proper-
ties of a sealed battery case. The battery case 21 is
closed with a sealing plate, in which a hole 22 is formed
for mounting a safety vent or the like. Compressed gas
is introduced from a high-pressure gas source 23 via a
valve 24 into the battery case 21, and the pressure in-
side the battery case 21 is measured by a pressure
gauge 25. When the pressure inside the battery case
21 has reached a predetermined value, the valve 24 is
closed, and pressure change thereafter inside the bat-
tery case 21 is measured by the pressure gauge 25. If
a fall in pressure is observed, then the battery is identi-
fied to be a defective battery in which gas is leaking out
from the battery case.

[0003] Another prior art battery sealing inspection
method as disclosed in Japanese Laid-open Patent Ap-
plication No. 4-25738 includes introducing of com-
pressed hydrogen gas into a battery case, and detecting
the hydrogen gas leaking out from the battery case by
collector plates and a semiconductor gas sensor.
[0004] In the inspection method illustrated in Fig. 2,
the amount of gas leaking from the battery case 21, if
any, is fairly small relative to the volume of the battery
case 21, and hence the pressure drop inside the battery
case 21 due to gas leakage is very small. Therefore,
detection accuracy is relatively low, because detection
of gas leakage is possible only when there is a hole or
a gap of more than 100 um. In order to ensure accurate
detection of gas leakage with this method, it takes at
least 5 to 10 minutes per each battery, resulting in ex-
tremely poor efficiency. Moreover, since the com-
pressed air is introduced into the battery case through
the hole 22 for mounting a safety vent or the like prior
to the actual mounting of such parts, it was necessary
to inspect the sealing properties of the battery after the
safety vent has been mounted on the battery case by
welding. Thus the method involves a further leakage test
with respect to the welds.

[0005] In the method disclosed in Japanese Laid-
open Patent Application No. 4-25738, since there is no
assurance that the leaked gas will always be collected
accurately by the collector plates, there are variations
in detection accuracy. Also, similarly to the former meth-
od, this method involves a further inspection of sealing
properties of the battery case with respect to the portion
through which compressed air is introduced into the bat-
tery case.

[0006] In view of the foregoing problems of the prior
art, an object of the present invention is to provide a bat-
tery sealing inspection method whereby gas leakage
from any location on a battery case is detected with a
high degree of accuracy, good efficiency, and high reli-
ability.
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[0007] In a method for inspecting sealing properties
of a battery according to the present invention, the bat-
tery is made to undergo charging and discharging be-
fore being placed within a sealed vessel. The sealed
vessel is then evacuated, and a certain low pressure in-
side thereof is maintained for a predetermined period of
time. The density of a gas within the sealed vessel, the
gas being a gas generated within the battery, is meas-
ured, based on which it is determined whether there is
a gas leak from the battery, by comparing the measured
gas density with a preliminarily obtained reference val-
ue.

[0008] The characteristic feature of the invention is
that the battery is charged and discharged prior to in-
spection so as to raise the internal pressure of the bat-
tery. Moreover, the sealed vessel in which the battery is
placed is evacuated so as to make the internal pressure
of the battery even higher relative to its ambient pres-
sure. Since the battery is housed within the sealed ves-
sel, a gas leak, even in a slightest amount, from any lo-
cation of the battery is detected by the measurement of
gas density within the sealed vessel. Thus the inspec-
tion method ensures detection of a hole or a crack as
small as about 10 um with good efficiency and high re-
liability.

[0009] Theinspection should preferably be performed
immediately after the battery has undergone initial
charging and discharging, where the internal pressure
of the battery is particularly high.

[0010] In another embodiment of the invention, a bat-
tery which has been filled with electrolyte and has been
sealed is placed within a sealed vessel, and is heated
to a predetermined temperature. The sealed vessel is
then evacuated, and a certain low pressure inside there-
of is maintained for a predetermined period of time. The
density of a gas within the sealed vessel, the gas being
a gas generated within the battery, is measured, based
on which it is determined whether there is a gas leak
from the battery, by comparing the measured gas den-
sity with a preliminarily obtained reference value.
[0011] In this embodiment, the battery is heated in-
stead of subjected to charging and discharging in order
to raise the internal pressure thereof. Therefore the in-
spection is performed with good efficiency and high re-
liability similarly to the above described embodiment.
This embodiment is also effective for the inspection of
batteries that have been stored for a long period of time
after initial charging and discharging.

[0012] The battery should preferably be heated to a
temperature between 45 °C and 80 °C, and more pref-
erably to 65 °C plus or minus 5 °C. This temperature
range enables the battery internal pressure to be a level
optimal for accurate detection of gas leakage, while pre-
venting degradation of other members which will not
withstand high heat such as separators.

[0013] The gas generated within the battery is hydro-
gen, and the reference value is obtained by measuring
hydrogen density in an ambient atmosphere prior to
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evacuation of the sealed vessel. In this way, the inspec-
tion is performed without being affected by the initial hy-
drogen density of ambient atmosphere, and gas leak-
age is accurately detected.

[0014] Preferred embodiments of the present inven-
tion will be hereinafter described with reference to the
accompanying drawings, in which:

Fig. 1 is a schematic diagram showing one embod-
iment of a battery sealing inspection method ac-
cording to the present invention; and

Fig. 2 is a schematic diagram showing a conven-
tional battery sealing inspection method.

[0015] In Fig. 1, reference numeral 1 denotes a bat-
tery, such as a nickel metal hydride battery which is the
object of inspection. The battery includes a safety vent
2 for discharging hydrogen gas externally in the event
that the internal pressure has reached a predetermined
value or above. Reference numeral 3 denotes a hermet-
ically sealed vessel for accommodating therein the bat-
tery 1 to perform sealing inspection. The vessel 3 is con-
nected to a vacuum exhaust tube 4 and is provided with
an air inlet 5 which can be opened or closed by means
of a valve 6.

[0016] A pressure gauge 7, avalve 8, a vacuum pump
9, a switching valve 10, and a hydrogen density sensor
11, are serially connected to the vacuum exhaust tube
4 in this order from the sealed vessel side. The switching
valve 10 connected between the vacuum pump 9 and
the hydrogen density sensor 11 has an air inlet 12, and
switches from one to another of three states: In a first
state, the outlet of the vacuum pump 9 is connected to
the air inlet 12 of the switching valve 10; in a second
state, the outlet of the vacuum pump 9 is connected to
the hydrogen density sensor 11; and in a third state, the
air inlet 12 of the switching valve 10 is connected to the
hydrogen density sensor 11.

[0017] Before inspecting the sealing property of the
battery 1, the battery 1 is filled with electrolyte, sealed,
and made to undergo initial charging and discharging,
so that the battery 1 is activated and an internal pressure
generated therein. Meanwhile, the switching valve 10 is
switched to the third state where the air inlet 12 of the
switching valve 10 is communicated with the hydrogen
density sensor 11, for measuring the hydrogen density
in the atmosphere. The value thus obtained is taken as
the atmospheric hydrogen density A.

[0018] Thereupon, the battery 1 which has completed
charging and discharging is placed inside the sealed
vessel 3, and the valve 6 of the air inlet 5 is closed, while
the valve 8 of the vacuum exhaust tube 4 is opened.
Meanwhile, the switching valve 10 is switched to the first
state where the outlet of the vacuum pump 9 communi-
cates with the air inlet 12 of the switching valve 10. The
vacuum pump 9 is then operated, so as to reduce the
pressure inside the sealed vessel 3 to 10 kPa.

[0019] After maintaining the internal pressure of the
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sealed vessel 3 at 10 kPa for approximately 1 minute to
several minutes, the switching valve 10 is switched to
the second state where the outlet of the vacuum pump
9 is connected to the hydrogen density sensor 11, so as
to introduce the air inside the sealed vessel 3 into the
hydrogen density sensor 11, for measuring the hydro-
gen density inside the sealed vessel 3. The value thus
measured is taken as the sealed vessel hydrogen den-
sity B. Thereupon, the presence or absence of a gas
escape from the battery 1 is judged based on a differ-
ence between the atmospheric hydrogen density A and
the sealed vessel hydrogen density B.

[0020] According to this embodiment of the invention,
prior to inspection, the battery 1 is made to undergo in-
itial charging and discharging, so as to increase the in-
ternal pressure of the battery. Moreover, the battery is
placed in the sealed vessel 3 so that the battery ambient
pressure is in a vacuum state, whereby the internal pres-
sure of the battery is made even higher relative to the
outside of the battery. Since the inspection of gas leak-
age is effected by detecting small molecules of hydro-
gen gas, even a slightest gas leakage is readily detect-
ed. Moreover, since the battery 1 is placed inside the
sealed vessel 3, it is possible to detect gas escape from
any location of the battery 1 by the hydrogen density
sensor 11. Accordingly, the inspection is performed in a
short time with high accuracy, good efficiency, and high
reliability. Defective batteries are readily detected par-
ticularly when the inspection is performed on a battery
immediately after the initial charging and discharging
whereby the internal pressure of the battery has been
increased. Also, the determination as to whether there
is any gas leakage is not affected by the initial atmos-
pheric gas density, because the judgment is made
based on the difference between a reference value of
the atmospheric hydrogen density A which is previously
measured and the hydrogen density B in the sealed ves-
sel 3.

[0021] A modification may be made to the above de-
scribed arrangement for battery sealing inspection
method. The arrangement is substantially the same as
that shown in Figure 1, with the exception that a heater
(not illustrated) such as an infrared lamp is provided
within the sealed vessel 3 for heating the battery 1.
[0022] Forthe sealinginspection, the battery 1 is filled
with electrolyte, sealed, and placed within the sealed
vessel 3. Meanwhile, the switching valve 10 is switched
to the third state where the air inlet 12 of the switching
valve 10 is communicated with the hydrogen density
sensor 11, for measuring the hydrogen density in the
atmosphere. The value thus obtained is taken as the at-
mospheric hydrogen density A.

[0023] Thereupon, the battery 1 is heated to a tem-
perature of approximately 65 °C, by means of the infra-
red lamp (notillustrated) disposed inside the sealed ves-
sel 3. Preferably, the battery is heated to a temperature
of 45 °C to 80 °C, and more preferably to 65 °C plus or
minus 5 °C. This is because the equilibrium pressure
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inside the battery at a temperature of 45 °C is 0.02 to
0.03 MPa, whereas it is 0.15 to 0.20 MPa at a temper-
ature of 80 °C, and therefore, at a temperature below
45 °C, the internal pressure of the battery is too low to
effect inspection to a desired degree of accuracy. On
the other hand, if the temperature is above 80 °C, it will
cause degradation of the other parts which will not with-
stand high heat such as separators.

[0024] Similarly to the aforementioned embodiment,
the interior of the sealed vessel 3 is evacuated and after
maintaining this state for a predetermined period of time,
the hydrogen density inside the sealed vessel 3 is meas-
ured by the hydrogen density sensor 11, and hence a
sealed vessel hydrogen density B is obtained. The pres-
ence or absence of a gas escape from the battery 1 is
judged from the difference between the atmospheric hy-
drogen density A and the sealed vessel hydrogen den-
sity B.

[0025] According to this embodiment, the battery 1 is
heated so that gas is generated inside the battery 1 and
the internal pressure of the battery raised, in a similar
manner to a case where a battery 1 is subjected to initial
charging and discharging. Thus the inspection of seal-
ing properties of the battery is efficiently and reliably per-
formed.

[0026] This embodiment is particularly effective for
the inspection of sealing property of batteries which
have been stored for a long period of time after initial
charging and charging.

[0027] According to the battery sealing inspection
method of the present invention, the battery is either
subjected to initial charging or discharging, or heated,
to raise the internal pressure thereof, prior to the inspec-
tion of its sealing properties. The battery is placed in a
sealed vessel, which is evacuated to obtain a substan-
tial difference between the pressure within the battery
and its ambient pressure. The gas density within the
sealed vessel is measured after a certain period of time,
whereby gas escape from any location on the battery is
detected in a reliable manner. With this method, even a
slightest amount of gas leaking from anywhere on the
battery causes changes in the gas density within the
sealed vessel, and therefore gas leakage is detected ac-
curately for a short time with good efficiency and high
reliability.

Claims

1. A method of inspecting sealing properties of a bat-
tery, comprising the steps of:

charging and discharging the battery (1);
placing the battery within a sealed vessel (3);
evacuating the interior of the sealed vessel and
maintaining a predetermined low pressure level
for a period of time;

measuring density of a gas within the sealed
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vessel, the gas being a gas generated within
the battery; and

determining whether there is a gas leak from
the battery by comparing the measured gas
density with a preliminarily obtained reference
value.

A method of inspecting sealing properties of a bat-
tery according to claim 1, wherein the battery is
heated before the density of the gas in the sealed
vessel is measured.

A method of inspecting sealing properties of a bat-
tery, comprising the steps of:

placing the battery (1) which has been filled
with electrolyte and has been sealed inside a
sealed vessel (3) ;

heating the battery;

evacuating the interior of the sealed vessel and
maintaining a predetermined low pressure level
for a period of time;

measuring density of a gas within the sealed
vessel, the gas being a gas generated within
the battery; and

determining whether there is a gas leak from
the battery by comparing the measured gas
density with a preliminarily obtained reference
value.

A method of inspecting sealing properties of a bat-
tery according to claim 3, wherein the battery is
heated to a temperature between 45°C and 80°C.

A method of inspecting sealing properties of a bat-
tery according to claim 4, wherein the battery is
heated to a temperature of 60°C + 5°C.

A method of inspecting sealing properties of a bat-
tery according to any preceding claim, wherein the
inspection is performed immediately after the bat-
tery has undergone initial charging and discharging.

A method of inspecting sealing properties of a bat-
tery according to any one of the preceding claims,
wherein the reference value is obtained by meas-
uring density of the gas in an ambient atmosphere
prior to evacuation of the sealed vessel.

A method of inspecting sealing properties of a bat-
tery according to any one of the preceding claims,
wherein the gas generated within the battery is hy-
drogen.

An apparatus for inspecting sealing properties of a
battery, comprising:

a vessel (3) for housing therein a battery (1) to
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be inspected, provided with a vacuum pump (9)
so as to be evacuated;
a hydrogen density sensor (11) connected to
the vacuum pump; and
means (10) for switchably connecting the vac- 5
uum pump with the hydrogen density sensor,
the vacuum pump with atmosphere, and the hy-
drogen density sensor with atmosphere.
10. An apparatus for inspecting sealing properties ofa 70

battery according to Claim 9 further comprising a
heater provided within the vessel.
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